Introduction
Numerous studies have linked both internalizing disorders (e.g. unipolar depression) and externalizing disorders (e.g. conduct disorder and ADHD) to educational problems [1] [2] [3] [4] [5] [6] [7] . These disorders often have an onset in childhood or adolescence [8, 9] , and a prolonged trajectory or a recurrent course [10] [11] [12] [13] . They are thus likely to be interconnected with school problems over long stretches of time. It is not clear to what extent the trajectories of the disorders interfere with school performance or, alternatively, to what extent poor performance at school triggers, exacerbates, or indirectly leads to mental health problems. It is also unclear to what extent socioeconomic disadvantage and associated adversities precede both mental disorders and school problems. All three of these scenarios are plausible, and may also interact with each other in a self-reinforcing feedback loop from childhood into adulthood.
The theories of ''social causation'' and ''social selection'' have been used extensively to study the relationship between mental disorders and social conditions. The ''social causation'' thesis postulates that low socioeconomic status (SES) plays a causal role in the aetiology of mental disorders. According to this line of reasoning, socioeconomic or educational disadvantages of the family of origin would lead to poor mental health because of the stress and adversity associated with low SES during childhood. When mental health is studied in relation to school performance, the family tradition of education (e.g. the educational history of the parents and grandparents) could be of particular importance. Swedish national statistics illustrate that low parental education is associated with substantially poorer school performance [14] . To some extent, an association between school performance and mental health might, therefore, be explained by educational history within the family.
However, a causal effect of school performance per se upon mental health is consistent with recent large-scale register studies in Sweden, reporting that poor school grades in compulsory school predict subsequent suicide [15, 16] as well as hospital admission due to self-inflicted injury [17] in national birth cohorts followed to early adulthood. The rate increases in a step-wise manner with decreasing grade point average, even after adjustment for possible socioeconomic confounders. The mechanisms behind this pattern are not known, but hampered social attainment could be one possible explanation. School performance is an important predictor of subsequent educational attainment, which in turn is a major factor in social mobility [18] and an important predictor of subsequent health [19, 20] . It has been suggested that education promotes good health in part by mitigating social stressors and strengthening individuals' social networks [21] . A low level of education could, therefore, exert a negative influence on mental health throughout adulthood.
The thesis of ''social selection'' or ''social drift'', on the other hand, argues that mental disorders hinder social attainment (e.g. by interfering with school performance) and lead to a downward shift in SES. In support of this thesis, a recent report from the 1958 British birth cohort highlights the large effects that poor mental health in childhood had on intergenerational and within-generation social mobility at age 50 [22] . Likewise, previous analyses of the same cohort reported that childhood internalizing and externalizing disorders were associated with reduced upward social mobility and manual adult social-economic position at age 45 [13] .
Previous research has suggested that social causation and social selection processes vary in importance between categories of mental disorders [23] [24] [25] . Externalizing disorders in particular seem to be associated with low SES during childhood and adolescence, [23, 24] while the relationship between low SES and internalizing disorders partly seems to be explained by comorbidity with externalizing problems [26] . Although both externalizing and internalizing disorders are likely to be detrimental to school results, externalizing disorders in particular could be key determinants of educational problems [23, 24] . A large body of research on children, adolescents, and young adults indicates that externalizing disorders are closely related to significant academic underachievement and also to impaired school functioning (including absenteeism, grade retention and dropout) [2, 3, 6, 23] .
In the present study we utilized register data on hospitalization for unipolar depression, with or without externalizing comorbidity, to explore processes of ''social causation'' and ''social selection''. We focused specifically on how school performance and family tradition of education are related to hospitalization for depression, with separate analyses for hospitalization occurring in adolescence and adulthood. Three research questions were addressed:
1. How is grandparental and parental education related to adolescent and adult hospitalization for depression in the grandchildren? 2. Among the grandchildren, how is their own school performance related to adolescent and adult hospitalization for depression, after accounting for parental and grandparental education? 3. What relevance does externalizing comorbidity have for question one and question two?
Materials and methods

Study participants
Our study participants were the grandchildren of members of the Uppsala Birth Cohort (UBCoS other biological (or adoptive) parent. We, therefore, had information on both parents of our study participant and at least one (often two or more) of the four grandparents. The study was approved by the regional Ethics Committee in Stockholm. Figure 1 outlines the inclusion of participants for this particular study. Separate analyses were performed for first-time hospitalization in adolescence (age 12-17 years) and adulthood (age C18 years). Individuals born between 1956 and 1989 were included, meaning that all participants were under 18 (the upper limit of our definition of adolescence) in 1973, the first year that the Swedish Hospital Discharge Register had complete national coverage. In addition, all participants were over 12 (the lower limit of our definition of adolescence) at the end of the follow-up period. Between 1956 and 1989, 29,509 grandchildren of UBCoS were born. We excluded those who were born outside of Sweden (N = 349), were adopted into UBCoS families (N = 429), died or emigrated before age 12 or before 1973 (N = 595), or had a lifetime diagnosis of schizophrenia or bipolar disorder (N = 47). For the analyses of first-time hospitalization in adulthood, we also excluded all with a first diagnosis of depression before age 18 (N = 46), those who had not turned eighteen before the end of the follow-up (N = 5,911), or those who had died or emigrated before age 18 (N = 110). In the adolescent hospitalization analyses participants were followed up for a mean of 5.5 years (SD = 1.2 years, range 0.01-6.0 years). In the adult hospitalization analyses, participants were followed up for a mean of 9.4 years (SD = 6.1 years, range 0.3-29.0 years).
Definitions of unipolar depression and externalizing disorders
We obtained information on psychiatric diagnoses through linkage to the Swedish Hospital Discharge Register, which had complete national coverage from 1973. This register contains information about diagnoses according to the International Classification of Diseases and Related Health Problems (ICD) 10th Revision (ICD-10) (http://apps.who. int/classifications/icd10/browse/2010/en) [27] Participants were classified as having unipolar depression if one of these codes featured in their hospitalization discharge records as either a main or a secondary diagnosis from 1973 onwards. Participants with a lifetime ICD-10 code of F30 (manic episode), F31 (bipolar affective disorder), F20 (schizophrenia), or F25 (schizoaffective disorder), or corresponding codes in earlier versions of the ICD were excluded. We further categorized the subjects with unipolar depression depending on whether they had a registered lifetime externalizing disorder according to the hospital discharge register. Externalizing disorder was defined by the following ICD-10 codes (or corresponding diagnoses in earlier versions): F10-19 (mental and behavioural disorders due to psychoactive substance use); F55 (abuse of nondependence-producing substances); F60.2 (dissocial personality disorder); F60.3 (emotionally unstable personality disorder); F63 (habit and impulse disorders); F90 (hyperkinetic disorders); and F91 (conduct disorders).
We also used the Swedish Hospital Discharge Register to obtain information about parental unipolar depression or externalizing disorders, using the same definitions.
Grandparental and parental variables
Grandparental education was obtained from 1960 census if available, or otherwise from the 1970 census. Each individual's education was categorized as either ''elementary'' or ''higher (upper secondary and above)''. For each grandchild, we then grouped the grandparents on the mother's and the father's side together to make variables for ''any grandmother with higher education'' and ''any grandfather with higher education''.
Information on parental educational level was obtained from the census and the Longitudinal Database for Education, Income and Occupation (LOUISE) databases and was analysed in three categories as ''elementary'' (\10 years in education), ''secondary'' (11-12 years), and ''postsecondary'' (C13 years).
Data on mother's civil status and parental employment status was obtained from the 1990 census. Mother's civil status was divided into three categories: ''married or living together''; ''single or separated''; and ''widowed or divorced''. Parental employment was grouped into two categories as ''no parent unemployed'' versus ''at least one parent unemployed''.
School performance
The Swedish National Agency for Education provided the grades earned during the last year of compulsory school (typically completed the calendar year they turned 16) for all participants born 1972-1988. The data were based on 2 different grading systems. In the first study period, Sweden had a national relative grading system. Grades ranged from 1 to 5. In the school year 1995-1996, a new criterionreferenced grading system was introduced, with grades divided into 4 levels: IG (not pass), G (pass), VG (pass with distinction), and MVG (pass with special distinction) and pre-specified skills required for different levels [28] .
Grade point average (GPA) was calculated for all students by their schools based upon 16-18 standard subjects. In order to combine these averages across the two different grading systems we standardized each system separately, then combined the standardized scores. The GPA's were divided into four categories: C1 SD above mean; 0-1 SD from mean; 1-2 SD below mean; and [2 SD below mean. Our substantive findings were similar in a sensitivity analysis that examined associations with the two grading systems separately.
Data analyses
We studied the incidence of hospitalization for unipolar depression using Cox proportional hazards models, using age as the time variable and also adjusting for study period (1972-1992, 1993-1997, 1998-2002) and gender. We performed separate analyses for depression during adolescence and adult-onset depression. In the adolescent depression analyses, follow-up started on the 12th birthday or on 1 January 1973 (whichever came later). Follow-up then continued until the date of death, emigration, depression diagnosis, 31 December 2002 or the child's 18th birthday. Children with a diagnosis of depression before their 12th birthday (N = 7) were not excluded, but were only counted as having adolescent depression if they were hospitalized again after the age of 12 (N = 2). In the adult-onset analyses, follow-up started on the 18th birthday or on 1 January 1973, and continued until the date of death, emigration, depression diagnosis or 31 December 2002. For these analyses we excluded all those who had a diagnosis of depression before age 18 (including before age 12). All analyses were performed for any unipolar depressive diagnoses as well as divided into those with and without an externalizing diagnosis.
Our first set of analyses investigated the association of parental and grandparental education with grandchild hospitalization for depression. Grandparental education and parental education were entered as independent variables (thereby adjusting for each other), together with parental unemployment and maternal civil status. Hospitalization for depression was the dependent variable. The analyses were divided into adolescent and adult hospitalization. In a second set of analyses, we investigated the association of the grandchildren's own GPA and hospitalization for depression. These analyses were identical to the first set, but with GPA (''0-1 SD from mean'' as reference category) as an additional independent variable. All the above analyses were also computed with parental hospitalization for unipolar depression or externalizing disorders as an additional independent variable.
The frequency of missing data ranged from 0 to 4.1% for all explanatory variables examined. We used multiple imputation by chained equations to impute missing values under an assumption of missing at random [29] , using the ICE command in Strata 11. We used five imputations for these models, including in our imputation models all explanatory and outcome variables which we ever used in our substantive models of interest. Our substantive findings were unchanged in a sensitivity analysis restricted to those with full data. All standard errors in Cox models were calculated with clustering by the participant's mother, in order to allow for potential correlations due to similarity between siblings. All the analyses were conducted using Strata 11.
Results
Descriptive data
In total, 41 participants (29 female) received a depression diagnosis aged 12-17 (mean 15.7 years, SD 2.2), corresponding to a crude incidence rate of 27/100,000 personyears (95% CI 20-36). Of these, 10 (5 female) also received a diagnosis of externalizing disorder over the course of their lifetimes, and 7 of these were substance use disorders. All cases of externalizing disorders were diagnosed in adolescence or young adulthood (mean 15.8, SD 1.9, range 14-19 years).
In total, 126 participants (73 female) received a first diagnosis of depression after turning 18 (mean 25.2 years, SD 5.7, range 18-42), giving a crude incidence rate of 61/100,000 person-years (95% CI 51-73). Of these, 45 (19 female) also received a diagnosis of externalizing disorder over the course of their lifetimes, 30 of which were substance use disorders. Two cases of externalizing diagnoses were diagnosed below the age of 18 (age 8 and 15) while the remainder were diagnosed at ages 18-42 (mean 25.6 years, SD 7.4).
Overall, the externalizing disorders were generally registered close in time to the diagnoses of unipolar depression (mean 2.7 years difference, SD 4.2, range 0-18).
Only the results from the fully adjusted models are presented (Tables 1, 2, 3) . Results were generally similar in analyses with minimal adjustment only for age, study period and gender. All analyses were also repeated with additional adjustment for parental unipolar depression and externalizing disorders, but this had little effect on the overall findings (result not shown).
Grandparental education and hospitalization due to unipolar depression Low grandparental education did not generally predict hospitalization for depression, the only exception being that elementary level grandfathers' education predicted a higher rate of adult hospitalization in the context of a lifetime externalizing diagnosis (HR = 4.63; 95% CI 1.59-13.5). Regarding grandmothers' education, the pattern was the opposite: elementary level grandmothers' education predicted a lower rate of hospitalization for depression with a lifetime externalizing diagnoses in adolescence (HR = 0.16; 95% CI 0.05-0.47) as well as in adulthood (HR = 0.25; 95% CI 0.08-0.74). The proportion of grandparents (grandmother in particular) with education above elementary level was generally low and the statistical power of these analyses was limited (Table 1) .
Parental education and hospitalization due to unipolar depression Low parental education did not predict hospitalization for depression in either adolescence or adulthood. On the contrary, mother's education to postsecondary (vs. secondary) level was associated with an increased hazard ration of hospitalization for depression in adulthood (HR = 2.17; 95% CI 1.34-3.53), independent of grandparental education and other family social characteristics (Table 2 ). There were no clear associations between father's education and hospitalization.
Grades in compulsory school and hospitalization due to unipolar depression Low final GPA in compulsory school was associated with a higher rate of hospitalization for depression in adolescence (Table 3 ). This association was particularly strong in the few cases with adolescent depression and an externalizing disorder; out of 7 cases with this combination, 6 had a GPA of 1 standard deviation (SD) below population mean or lower (HR point estimates [60). However, the association was also clear for those without an externalizing disorder (HR point estimates 4-6).
Low GPA was also associated with first-time hospitalization in adulthood (Table 3) . This association seemed to be attributable to the subgroup with both depression and an externalizing disorder. Out of the 19 participants with this combination, only 1 had a GPA of 1 SD or more above the population average, while 8 had a GPA 1 SD or more below the average (HR point estimates 4-6). Other social characteristics and additional regression models
Mother's civil status was associated with hospitalization for depression in adolescence, such that the rate was higher in those with a widowed or divorced mother versus a married mother (HR = 3.27; 95% CI 1.69-6.30). This was the case regarding both depression only (2.90; 95% CI 1.33-6.31) and depression in combination with an externalizing disorder (4.68; 95% CI 1.37-15.96). A similar, albeit weaker, association was also observed with respect to first-time hospitalization for depression in adulthood (1.52; 95% CI 1.03-2.23).
Parental unemployment was associated with hospitalization for depression in adulthood (2.08; 95% CI 1.36-3.16) and, at borderline statistical significance, adolescence (2.01; 95% CI 0.98-4.13). The pattern was similar for the participants with and without an externalizing diagnosis.
Discussion
The present three-generation study is a contribution to the ongoing debate on school performance and mental health. Contrary to the social patterning of many health outcomes, the present study found no evidence that low grandparental or parental education increases the rate of hospitalization for depression in the offspring. However, clear negative associations between own school grades and hospitalization for depression were observed. These associations were largely independent of grandparental and parental education and other parental characteristics, and were particularly robust regarding adolescent hospitalization. For the patients that were hospitalized for the first time in adulthood, the association with school grades was restricted to those who also had an externalizing comorbidity. Our results thus indicated that age at onset and externalizing comorbidity of depression could be decisive factors in the association between school performance and severe unipolar depression.
The analyses involving family tradition of education generally did not offer support to the traditional theory of ''social causation'' which hypothesises that socio-economic disadvantage causes mental health problems for individuals and their descendants. This is in line with some previous studies of social causation in unipolar depression [23, 30] , but contradictory to others [24, 31] . Interestingly, some of our results even seem to contradict ''social causation'' outright. Grandmother's education above elementary level increased the rate of both adolescent and adult hospitalization for depression in the context of externalizing disorders. A similar association was also observed between mother's post-secondary education (vs. secondary education) and adult hospitalization for depression both with and without comorbid externalizing disorder. Although unexpected, these results are broadly consistent with recent findings from this same cohort showing an increased rate of eating disorders among granddaughters of women with higher education [32] .
These associations may partly reflect socioeconomic differences in healthcare seeking behaviour or in access to mental health services, although studies of this issue have yielded somewhat conflicting results [33] [34] [35] . It should be noted that access to healthcare in Sweden was generally high throughout the study period and that hospitalization in particular incurred no financial charges. Given the specificity of the effect of high education as opposed to other forms of social advantage (see below), we believe a genuine negative effect is also possible, perhaps mediated by high parental demands.
While the results on family tradition of education might speak against ''social causation'', the broader context of social disadvantage seemed to be of importance. Parental unemployment was associated with hospitalization for depression in both adolescence and adulthood, and mother's divorce or widowhood was associated with hospitalization in adolescence. It is probable that these factors are markers of general adversity in childhood and adolescence, which has been shown to be linked to depression through continued stress and stress sensitization [36, 37] . It should also be noted that poor mental health is related to both unemployment [38] and divorce [39] . Thus, these factors could to some extent be markers of poor mental health in the parents. Further, loss of a parent early in life has previously been identified as a risk factor for major depression [40, 41] .
Low GPA was strongly associated with hospitalization for depression in adolescence, such that adolescents with a GPA of more than 1 SD below the mean were at increased risk. Not surprisingly, this association was particularly strong for those with a comorbid externalizing disorder (two-thirds of which were substance use disorders). Given the established effect of externalizing disorders upon school performance [2] [3] [4] , this seems likely to reflect in large part the impact of ongoing, severe mental health problems upon school performance. We cannot, however, rule out the possibility that poor school performance has a direct impact on mental health during adolescence. School failure might undermine self-esteem and thereby increase the risk of adolescent depression, disruptive behaviour and substance misuse. Further, ongoing psychosocial problems could have a negative impact on both school performance and mental health.
The association between school grades and first-time hospitalization in adulthood seemed to be restricted to the subgroup that also had an externalizing disorder (predominantly substance use disorders), while no association between school grades and adult hospitalization for depression without an externalizing diagnosis was observed. We interpret this intriguing pattern as suggesting a process of ''social selection'' driven by a lifespan trajectory of externalizing disorders. Externalizing symptoms typically have an onset in childhood [42] , and the trajectories of externalizing symptoms during childhood and adolescent predict adolescent and adult mental disorders (disruptive disorders, but also substance use disorders, anxiety disorders, and mood disorders) [10, 43] . It is, therefore, plausible that externalizing problems were to some extent present across the school years in those with adult-onset depression comorbid with externalizing disorders, and that this had a negative effect on performance. School failure, in its turn, might intensify existing externalizing problems and trigger substance use disorders. By contrast, the onset of depression is distributed throughout the lifespan, with a roughly linear increase of cumulative prevalence from early adolescence to early adulthood [44] . Thus, although many adults in our sample may only have been hospitalized for depression some years after its first onset, this first onset was probably in many cases after age 15/16 and so too late to affect their school performance in compulsory school.
In the present study, about a quarter of those with an adolescent or adult-onset depression diagnosis also had an externalizing diagnosis. This substantial comorbidity is in line with other studies. For example, in two nationally representative British samples 31% of adolescents aged 12-16 with depression also had an externalizing disorder [45, 46] (comorbidity calculation by authors). Similarly in a nationally representative US sample of adults, 24% of those with lifetime major depressive disorder had a lifetime substance use disorder, while 30% had a lifetime impulse control disorder [47] .
Our findings raise questions about how far externalizing trajectories could explain the results of recent Swedish register studies reporting that low school performance predict subsequent self-harm and suicide [15] [16] [17] . Recent research has suggested that disorders characterized by poor impulse control (such as conduct disorder or substance use disorders) can have a decisive influence upon whether suicidal ideation results in an actual suicide attempt [48] . We, therefore, believe further research is warranted into whether other forms of mental ill-health show the same pattern of results as the present study.
Limitations
The results should be viewed in the light of some limitations, most of which relate to our reliance on hospitalization records (use of inpatient care) to identify depression and externalizing disorders. The diagnoses of depression and externalizing disorders were generally recorded close in time, suggesting that both were often observed when one or both disorders were severe enough to warrant hospitalization. It is, therefore, probable that some of the participants with depression that were classified as not having a lifetime externalizing disorder actually did fill the criteria for externalizing disorders at some time, but were not treated for this in an inpatient setting. Similarly, it is probable that some participants who were treated for depression for the first time in adulthood actually had an onset in adolescence. Yet despite these possible misclassifications, there was little evidence that poor school performance predicted adult hospitalization for depression, unless a comorbid externalizing disorder was present. This further underlines our conclusion that poor school performance per se does not seem to increase the rate of subsequent severe depression.
A second limitation associated with using inpatient records is that only a small proportion of cases of unipolar depression are treated in an inpatient setting. We did not have information on the severity of the recorded cases of depression, but hospitalization usually indicates relatively high severity. It is unclear to what extent our results can be generalized to the more prevalent mild or moderate cases of depression in the general population. Another drawback is the possibility of socioeconomic differences in how individuals seek treatment or in how professionals apply hospital admission criteria. If individuals with higher SES are more likely to seek treatment or to receive treatment for their depressive episodes in an inpatient setting then social causation could be underestimated in our analyses, and vice versa.
Finally we may have underestimated the importance of some family background due to the small number of cases available for some analyses (especially regarding adolescent hospitalization) and due to restrictions in the measurements available to us. In particular, data on mother's civil status and parental employment status was obtained from the 1990 census. Thus, these characteristics were measured when the participants were at different ages, ranging from 1 to 34 years. This informed our decision not to make these a major focus of this study, but we recognize that our analyses would have been enriched by more detailed and repeated measures during pre-defined sensitive periods in childhood.
Conclusion
The association between school performance and hospitalization for depression seems mainly to be attributable to mental health problems with an early onset, in line with the ''social selection'' hypotheses. While the analyses of grandparental/parental education and hospitalization for depression in general did not suggest ''social causation'' as the main mechanism generating association between education and depression in our study, the broader social context of e.g., mother's civil status or parental unemployment was of importance.
